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Abstract 

The tobacco-specific niirosamines (TSNA) N-nitrosonornicotine (NNN) and 
4-(N-methylniirosamino)-I-(5-pyridyl)-I -bulanone (NNK) as well as the vola¬ 
tile N-nitrosamines N-nitrosodimethylamine (NDMA) and N-nitrosopyrrol- 
idine (NPYR) were determined in the indoor air of a poorly ventilated office 
where extensive smoking took place. Under these conditions, moderate to 
heavy smoking resulted in indoor air concentrations of 7.6-20.0 ppm carbon 
monoxide, 109-290 ppb nitrogen oxides and 58.5-132 nicotine. The 
N-nitrosamine concentrationes were (in nanograms/cubic meter): not de¬ 
tected (nd)-6.0NNN, nd-13.5NNK, 7.9-45.0 NDMA and 3.5-27.0 ng/m^ 
NPYR. Occupation of the office by a nonsmoker for 1 h would result in a 
maximum exposure to O.Ol pg TSNA and 0.03 pg volatile N-nitrosamines. 


I Introduction 

Tobacco-specific nitrosamines (TSNA), such as N* 
nitrosonomicoiine (NNN), N-nitrosoanatabine, N-ni- 
irosoanabasine and 4-(N-methylnitrosamino)-I-(3-pyri- 
dyI)-l-butanone (NNK) have been found in cured tobac¬ 
co, and in mainstream smoke and sidestream smoke of 
various tobacco products [1], We have recently developed 
an analjiical method sensitive enough to determine 
TSNA in environmental tobacco smoke (ETS) [2], and, in 
the meantime, our preliminary findings have been con¬ 
firmed by Brunnemann et al. [3] who have reported the 
presence of 8.3 and 9.3 ng/m^ NNK in the indoor air of a 
smoke-polluted bar. 

In this paper, we report indoor air concentrations of 
NNN and NNK determined in a poorly ventilated office 
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in which extensive smoking occurred. Data are also 
reported for the presence of the two volatile N-nitrosa- 
mines N-nitrosodimcthylamine (NDMA) and N-nitroso- 
pyrrolidine (NPYR). As a surrogate marker for ETS, the 
nicotine concentration is presented together with data for 
carbon monoxide (CO) and nitrogen oxides (NOx) in 
office air. 


Materials and Methods 

Sludy Design 

Air moniioring was conducted in an office (84 mb located on the 
ground door of a new laboratory in Vienna. The room was not air- 
conditioned and was furnished wilh standard office fittings. Indoor 
air was sampled for ^ h on 14 dilTereni occasions, during which the 
office was occupied by up to 5 people (smokers and nonsmokers). No 
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Table 1.TSNA 
and other tobacco 
smoke constituents 
measured in indoor 
air of an office with 
restricted ventila¬ 
tion 


Smoking activity 
in each 2-hour session 

cigs. pipes cigars 

Tobacco 

burnt' 

g/h 

Concentration in indoor air of tobacco smoke components 


nicxjtine 

Ug/ro* 

NNN 

ng/mi 

NNK 

nglml 

NDMA 

ng/m' 

NPYR 

ng/m’ 

CO 

ppm 

NOx 

ppb 

[I 

_ 

1 

5.0 

132.0 

1.7 

(f 

27.2 

11.6 

12.5 

no 

18 

- 

- 

7.2 

127.0 

0 

1.6 

13.2 

4.9 

13.0 

157 

12 

1 

- 

8.3 

117.6 

3.1 

3.1 

13.9 

5.9 

12.4 

182 

7 

1 

I 

6.9 

101.7 

2.9 

4.7 

23.0 

8.0 

11.4 

133 

13 

1 

- 

8.7 

100.4 

4.9 

2.1 

7.9 

5.2 

n.o 

140 

7 

1 

- 

6.3 

93.7 

6.0 

4.2 

14.0 

27.0 

9.0 

194 

11 

- 

- 

4.4 

89.8 

1.6 

4,4 

22.0 

13.0 

7.7 

109 

8 

1 


6.7 

87.8 

2.6 

8.0 

25.2 

10.3 

20.0 

290 

15 

- 

- 

6.0 

84.1 

3.8 

10.8 

9.0 

4.5 

14.0 

192 

6 

1 

- 

5.9 

72,3 

2.3 

4.9 

36.0 

11.0 

8.7 

IIO 

11 

- 


4.4 

69.8 

3.5 

13.5 

8.2 

3.5 

7.6 

125 

11 

- 

- 

4.4 

64.2 

1.4 

2.8 

12.8 

6.8 

10.4 

120 

10 

1 

- 

7.5 

61.9 

3.8 

4.5 

NA^ 

NA 

13.0 

172 

7 

1 

- 

6.3 

58.5 

1.6 

3.3 

45.0 

18.1 

10.7 

175 


' Approximate tobacco weights: Cigarette tobacco - 0.8 g: pipe tobacco ~ 1.2 g; cigar tobacco - 7 g. 
^ Limit of detection 0.1 ng/m^ for NNN and NNK.. 

* NA » Not analyzed. 



attempt was made to influence the smoking habits and working 
activity of the occupants, who were free to leave and enter the office 
at any time. However, it was not permitted to open the windows 
during the smoking sessions which would have resulted in improved 
air quality. The number of people present as well as the times when 
cigarettes, cigars and pipes were lighted, were recorded. The sam¬ 
pling apparatus was located close to the center of the office and 
installed at the breathing height ofa seated person. 

Analysis of ETS 

All measurements were performed continuously over each 2-hour 
session during which smoking occurred. Nicotine was sampled on 
Extrelut columnsfE. Merck; Darmstadt. BRD) acidified with 0.1 M 
HO using a flow rate of 2.41/min. After sampling, the colunin was 
made alkaline by drawing through gaseous ammonia and nicotine 
eluted with ethyl acetate. Nicotine was determined by gas chroma¬ 
tography using a nitrogen-specific detector. Volatile N-nitrosamines 
and TSNA were sampled by drawing air through a series of 2 wash 
bottles containing aqueous phosphate/citrate buffer (pH 3.5) and 
ascorbic add to inhibit artifactual formation of N-nitrosamines. 
After sampling, the buffer was extracted with methylene chloride and 
the extract separated by chromatography (basic aluminum oxide; 
Woelm IMH, Eschwege, BRD) into two fractions containing volatile 
nitrosamines and TSNA. Nitrosamine analysis was performed by 
capillary gas chromatography with detection using a tbetma! energy 
analyzer (TEA Model 502; Thermo Electron Corp., Waltham, Mass.. 
USA) according to a published method [2]. The presence of N-nitro¬ 
samines was confirmed by rechromatography after photolysis of the 
sample at 365 nm [4]. Direct on-line measurement was performed 
for CO (Carbon Monoxide Analyzer Model 8310; Monitor Labs Inc., 
USA) and NOx (Nitrogen Oxide Analyzer Model 8840; Monitor 
Labs Idc., USA), 


Results 


The time-intergraded office air concentration of to¬ 
bacco smoke constituents together with the amount of 
tobacco burned are shown in table 1. On average, 6.3 g/h 
of tobacco (range 4.4-8.7 g/h) was smoked during the 14 
sessions. As a surrogate marker of ETS, the mean nicotine 
concentration was 90.l)ig/m5 (range 58.5-132 jig/m^). 
Mean concentrations of CO and NOx were 11.5 ppm 
(7.6-20.0) and 158ppb (109-290), respectively. The 
mean nitrosamine concentrations were (in nanograms/ 
cubic meter): 2.8 [not detected (nd)-6.0] NNN, 4.9 (nd- 
13.5) NNK, 19,8 (7.9-45.0) NDMA and 10,0 (3.5-27.0) 


NPYR. No correlation was observed between individual 
components of ETS and the amount of tobacco burnt. 
This may be due to differences in the types of tobacco 
products smoked and also to the different ventilation con¬ 
ditions on the various occasions, indicating that none of 
the components measured acts as a suitable marker of 
total exposure to ETS. 


Discussion 


The data for TSNA 
Brunnemann et al. [3] 
8.3 ng/m^ NNN and 9.3 


are slightly lower than those of 
who reported concentrations of 
ng/m^ NNK in ETS of a ‘moder- 
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ateiy smoke-polluted’ bar. However, comparison of the 
results is impeded by the lack of information on the actual 
ETS concentration (or an appropriate surrogate for it) in 
the bar. The presence of NNN and NNK in ETS is solely 
due to tobacco smoke. However, volatile nitrosamines 
occur ubiquitously in the environment [5], and concentra¬ 
tions of 10-90 ng/m^ have been reported in ambient air of 
industrial areas {6], As a result, the presence of NDMA 
and NPYR in indoor air cannot be considered to be spe¬ 
cifically due to ETS. 

Subjects (both smokers and nonsmokers) present in 
the office during air sampling complained about the bad 
air conditions. This allows the conclusion that, normally, 
the air quality would have been improved by opening the 
windows. In fact, the nicotine concentration in the indoor 
air ranged between 58.5 and I32pg/ra^ (mean 90,1), 
which is considerably higher than the reported concentra¬ 
tions of < 50 most frequently < 20 pg/m^ in of¬ 
fices with unrestricted ventilation 17-10], As a result, the 
NNN and NNK concentrations measured in our study 
exceed the concentrations found under realistic condi¬ 
tions, and present a ’worst-case’ situation. 

From the present data, occupation of the office by a 
nonsmoker for 1 h would result in a maximum exposure 
of 0.01 pgAi TSNA (NNN and NNK) and 0.03 pg/h vola¬ 
tile N-nitrosamines (NDMA and NPYR). These exposure 


levels are based on the highest data values shown in 
table I, they assume a respiratory volume of 0.5 m^/h 
with total retention of all N-nitrosamines, and are quite 
different from those reported by Hoffmann et al. [11] in a 
previous paper, who estimated a total intake of up to 
0,3 pg/h NNN and NNK on exposure to ETS, based on 
calculations of TSNA concentrations in sidestream ciga¬ 
rette smoke [ 12). If the exposure from actual ETS concen¬ 
trations is calculated for real-life conditions [7-10], the 
uptake amounts to only 0.004 pg TSNA and 0.015 pg vol¬ 
atile N-nitrosamines. 

The measurements show that ETS contains 5-15ng( 
m^ NNN and NNK, 2 nitrosamines specific to tobacco 
smoke. Assuming an ETS exposure lime of 3 h/day [13], 
the daily exposure to N-nitrosamines from ETS amounts 
to <0.1 pg combined TSNA and volatile N-nitrosa¬ 
mines. This exposure to N-nitrosamines is considerably 
smaller than the measured average daily intake of 0.2- 
0.3 pg of volatile N-nitrosamines (NDMA, NPYR and N- 
nitrosopiperidine) [14], and an estimated total daily di¬ 
etary intake of 10-100 pg for all dietary N-nitrosamines 
[15]. ETS exposure provides only a small contribution to 
the total daily N-nitrosamine exposure, which has to be 
taken into consideration when calculating any carcino¬ 
genic risk due to ETS exposure. 
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